Ferrous ferric chloride (FFC R ) is a distinct form of aqueous iron made up of a complex of ferrous chloride and ferric chloride that participates in both oxidation and reduction reactions. Although FFC is known to stimulate cellular function, its precise mechanism of action is largely unknown. My previous study showed that FFC stimulated the proliferation of cultured epidermal keratinocytes and melanocytes derived from newborn mice, suggesting that FFC stimulates their function of mice. However, it is not known whether FFC stimulates the proliferation of keratinocytes and melanocytes derived from human skin. Moreover, it is unknown whether FFC stimulates the proliferation of human skin fibroblasts. Pairogen R (Akatsuka Co., Tsu, Japan) is a drink comprising FFC, vinegars, and vitamins, Pairogen Gold R (Akatsuka) contains herbal medicines in addition to FFC, vinegars, and vitamins, while Noncalorie Pairogen R (Akatsuka) contains low molecular weight collagen and hyaluronic acid in addition to FFC, vinegars and vitamins. To clarify whether FFC in addition to the natural factors included in these drinks stimulates the proliferation of human skin cells, FFC and these different drinks were added to culture media and tested for their proliferationstimulating activity on skin cells. FFC, Pairogen, and Pairogen Gold equally doubled the growth rate of cultured human keratinocytes, melanocytes, and fibroblasts. Non-calorie Pairogen tripled the growth * To whom correspondence should be addressed: Radiation Effect Mechanism Research Group, National Institute of Radiological Sciences, 4-9-1 Anagawa, Inage-ku, Chiba 263-8555, Japan. Tel.: +81-43-206-3253; Fax: +81-43-206-4638; E-mail: thirobe@nirs.go.jp rate of human fibroblasts, but Non-calorie Pairogen only doubled the growth rate of human keratinocytes and melanocytes. FFC plus low molecular weight collagen tripled the growth rate of human fibroblasts, whereas FFC plus low molecular weight hyaluronic acid only doubled the growth rate of human fibroblasts. Low molecular weight collagen, with or without hyaluronic acid failed to stimulate the proliferation of fibroblasts. These results suggest that FFC stimulates the proliferation of human skin keratinocytes and melanocytes. Moreover, FFC markedly stimulates the proliferation of human skin fibroblasts synergistically with low molecular weight collagen.
INTRODUCTION
Ferrous ferric chloride (FFC R , Akatsuka Co., Tsu, Japan) is a distinct form of aqueous iron made up of a complex of ferrous chloride and ferric chloride that participates in both oxidation and reduction reactions. 1) However, the mechanism of action by which Fe(II) and Fe(III) contained in FFC affects living organisms is not well understood. FFC elicits a specific biological effect such as stimulating plant growth, especially root growth. 2) In animals, FFC also increases red blood cell number count and the hemoglobin content in rats. 3) My previous study showed that FFC stimulated the proliferation of cultured keratinocytes, melanoblasts, and melanocytes derived from newborn mice. 4) Moreover, FFC stimulated the differentiation of murine keratinocytes and melanocytes. 4, 5) The proliferation of keratinocytes, melanoblasts, and melanocytes was stimulated to the same extent (a two-fold increase), suggesting that the proliferation of keratinoocytes and melanocytes in the mouse epidermis may be equally affected by FFC. 4) Thus, FFC is thought to activate skin function by promoting cell renewal through the stimulation of the proliferation and differentiation of both keratinocytes and melanocytes. 4, 5) However, it is unknown whether FFC stimulates the proliferation of human epidermal keratinocytes and melanocytes. Also, whether FFC stimulates the proliferation of human dermal fibroblast, which is the primary constituent of skin dermis, remains to be clarified. Pairogen R (Akatsuka) is a refreshing drink that mainly comprises FFC water along with other puri-fied ingredients (not artificially synthesized). These components include rice vinegar, Japanese apricot vinegar, apple vinegar, persimmon vinegar, vitamins B 2 , B 6 , and C, glucose, fructose, citric acid, and malic acid. Pairogen Gold R (Akatsuka) is another refreshing drink that comprises mainly FFC water with other purified ingredients (not artificially synthesized). In this case the other components include apple vinegar, vitamins B 1 , B 2 , B 6 , and C, glucose, fructose, citric acid, malic acid, polydextrose and extracts of Korean ginseng (Panax ginseng), Chinese wolfberry (Lycium chinense), and Siberian ginseng (Eleutherococcus senticosus). Moreover, the drink referred to as Noncalorie Pairogen R (Akatsuka) also contains FFC water as the main component and other purified ingredients (not artificially synthesized), such as rice vinegar, Japanese apricot vinegar, apple vinegar, persimmon vinegar, lemon vinegar, vitamins B 2 , B 6 , B 12 , and C, citric acid, malic acid, as well as low molecular weight collagen and hyaluronic acid.
Pairogen Gold is known to be more effective for maintaining the normal condition of internal organs, such as the intestines than Pairogen. Moreover, my previous study indicated that Pairogen Gold was more effective in inducing the differentiation of cultured mouse epidermal melanocytes in newborn mouse primary skin culture compared with Pairogen. 5) FFC was shown to stimulate the differentiation of cultured mouse epidermal melanocytes to a greater extent in the presence of extracts of Chinese wolfberry and Siberian ginseng included in Pairogen Gold. 5) Non-calorie Pairogen seems to be more effective in maintaining a healthy skin than Pairogen. Because the FFC content in Pairogen and Non-calorie Pairogen does not differ, this observation may be the result of the combined effects of FFC and the natural factors included in Noncalorie Pairogen. It seems that the low molecular weight collagen or hyaluronic acid that is included in Non-calorie Pairogen but not Pairogen, seems to be responsible for this effect. In this study, FFC, Pairogen, Pairogen Gold, and Non-calorie Pairogen were added to the culture media and their effects on the proliferation of cultured human keratinocytes, melanocytes, and fibroblasts were tested. Moreover, the author investigated the synergistical effects of FFC and natural factors included in Non-calorie Pairogen on the proliferation of human fibroblasts in culture.
MATERIALS AND METHODS
Cell Culture --Normal human epidermal keratinocytes (NHEK) derived from primary cultures of neonatal foreskin were purchased from Kurabo (Osaka, Japan). They were maintained in serum-free HuMedia-KG2 (Kurabo) containing 10 µg/ml insulin, 0.1 ng/ml human recombinant epidermal growth factor (EGF), 0.5 µg/ml hydrocortisone, 0.4% bovine pituitary extract, 50 µg/ml gentamycin sulfate, and 50 ng/ml amphotericin B. NHEK were seeded at a density of 3 × 10 4 cells/35 mm polystyrene dishes (3 × 10 3 cells/cm 2 ; Becton Dickinson, Bedford, MA, U.S.A.) and cultured at 37 • C under a 5% CO 2 atmosphere. Subconfluent secondary NHEK cultured for 5 days were detached from the dishes by treatment with 0.05% trypsin (Difco, Sparks, MD, U.S.A.) and 0.02% ethylenediaminetetraacetate (Sigma Chemical Co., St. Louis, MO, U.S.A.) in Ca 2+ -, Mg 2+ -free phosphate-buffered saline at 37 • C for 10 min. The cells were collected by centrifugation and seeded at the same density. This procedure was then repeated.
Normal human epidermal melanocytes (NHEM) derived from secondary cultures of neonatal foreskin were purchased from Kurabo. They were maintained in serum-free melanoblastproliferation medium-3 (MDMDF3) 6) consisting of Ham's F-10 medium (Gibco, Grand Island, NY, U.S.A.) plus 10 µg/ml insulin (bovine), 0.5 mg/ml bovine serum albumin (fraction V), 1 µM ethanolamine, 1 µM phosphoethanolamine, 10 nM sodium selenite, 100 µg/ml transferrin, 0.5 mM dibutyryl adenosine 3 : 5 -cyclic monophosphate, 2.5 ng/ml basic fibroblast growth factor (bFGF), 100 U/ml penicillin G, 100 µg/ml streptomycin sulfate, 50 µg/ml gentamycin sulfate, and 0.25 µg/ml amphotericin B. All these supplements were purchased from Sigma except bFGF. Basic FGF was purchased from Invitrogen (Carlsbad, CA, U.S.A.). NHEM were seeded at a density of 5 × 10 4 cells/35 mm polystyrene dish (5.20 × 10 3 cells/cm 2 ) coated with type I collagen 7) (Becton Dickinson), and maintained at 37 • C under a 5% CO 2 atmosphere. Subconfluent tertiary melanocytes were cultured for 5 days, trypsinized, and seeded at the same density. This procedure was then repeated.
Normal human dermal fibroblasts (NHDF) derived from primary cultures of neonatal foreskin were also purchased from Kurabo. They were maintained in 106S medium (Kurabo) supplemented with 10 ng/ml human recombinant EGF, 1 µg/ml hydrocortisone, 3 ng/ml human recombinant bFGF, 10 µg/ml heparin, 2% fetal bovine serum, 100 U/ml penicillin G, 100 µg/ml streptomycin sulfate, 50 µg/ml gentamycin sulfate, and 0.25 µg/ml amphotericin B (106S+ medium). Apart from the antibiotics, the medium and supplements were purchased from Kurabo. The added antibiotics were purchased from Sigma. NHDF were seeded at a density of 2 × 10 4 cells/35 mm polystyrene dish (2.08 × 10 3 cells/cm 2 ) and were cultured at 37 • C under a 5% CO 2 atmosphere. Subconfluent secondary fibroblasts were cultured for 5 days, trypsinized, and seeded at the same density. This procedure was then repeated.
FFC can be prepared as follows. 3) This FFC-DDW or control DDW was added to the culture media (KG2, MDMDF3, and 106S+) at a dilution of 10 −1 . The final concentration of FFC was 20 g/l, which was the most preferred concentration. 4, 5) Pairogen, Pairogen Gold, and Noncalorie Pairogen were added to the culture media (KG2, MDMDF3, and 106S+) at a dilution of 10 −3 . Low molecular weight collagen was prepared by enzymatic (collagenase) digestion of purified collagen from the scales of the Golden threadfin bream (Nemipterus virgatus). The concentration of collagen present in Non-calorie Pairogen was 0.019%. Low molecular weight hyaluronic acid was prepared by enzymatic (hyaluronidase) digestion of purified hyaluronic acid from the fermented products of lactic acid bacteria (Streptococcus zooepidemicus). The concentration of hyaluronic acid present in Non-calorie Pairogen was 0.01%. A low molecular weight collagen (0.019% solution) and hyaluronic acid (0.01% solution) were added to 106S+ at 10 −3 dilution. Alatsuka Co. generously supplied both the low molecular weight collagen and hyaluronic acid. Proliferation Assays --The number of human keratinocytes, melanocytes, and fibroblasts per 35 mm dish was determined by phase-contrast microscopy at 1, 3, and 5 days in culture. The calculation was based on the average number of cells from 10 randomly chosen microscopic fields using phase-contrast microscopy. The area covered was 0.581 mm 2 . 4, 5) 
RESULTS

Effects of Pairogen, Pairogen Gold, Non-calorie Pairogen, and FFC on the Proliferation of Cultured Human Keratinocytes
When human secondary keratinocytes were cultured in KG2, they attached well to the culture dishes and many mitoses were observed from 1 day. The cells proliferated well and reached subconfluency (Fig. 1A) by 4 or 5 days. Pairogen (Fig. 1B) , Pairogen Gold (Fig. 1C) , Non-calorie Pairogen (Fig. 1D) , and FFC (Fig. 2) increased the number of keratinocytes and the number of their mitoses from 1 day. These cultures reached near confluency by 4 or 5 days. Numerous keratinocytes and their mitoses were observed upon treatment with either these drinks or FFC (Fig. 1) . The drinks and FFC almost doubled the number of keratinocytes compared with the control culture ( Fig. 2A) . The proliferation-stimulating activity of FFC and these drinks was not affected after serially sub-culturing the cells. No change in the stimulative effect was observed even in tertiary (Fig. 2B) or the fourth (Fig. 2C) cultures. All the drinks and FFC had a similar effect on keratinocytes (Fig. 2) .
Effects of Pairogen, Pairogen Gold, Non-calorie Pairogen, and FFC on the Proliferation of Cultured Human Melanocytes
When lightly pigmented human tertiary melanocytes were cultured in MDMDF3, they attached well to the culture dishes and few mitoses were observed from 1 day. The cells proliferated well and reached sub-confluency (Fig. 3A) by 5 or 6 days. Pairogen (Fig. 3B ), Pairogen Gold (Fig. 3C) , Non-calorie Pairogen (Fig. 3D) , and FFC (Fig. 4) increased the number of melanocytes and their mitoses from 1 day, and reached near confluency by 5 or 6 days. Numerous melanocytes and their mitoses were observed by treating the cultures with these drinks or FFC (Fig. 3) . The drinks and FFC almost doubled the number of melanocytes compared with the control culture (Fig. 4A) . These proliferation-stimulating activity was not affected after serially sub-culturing the cells. No change in the stimulative effect was observed even in the fourth (Fig. 4B) and fifth (Fig. 4C) cultures. All the drinks and FFC had a similar effect on the melanocytes.
Effects of Pairogen, Pairogen Gold, Non-calorie Pairogen, and FFC on the Proliferation of Cultured Human Fibroblasts
When human secondary fibroblasts were cultured in 106S+, they attached well to the culture dishes and many mitoses were observed from 1 day. The cells proliferated well and reached sub-confluency by 4 or 5 days (Fig. 5A) . Pairogen (Fig. 5B) , Pairogen Gold (Fig. 5C) , and Non-calorie Pairogen (Fig. 5D) increased (Fig. 6 ) the number of fibroblasts and their mitoses from 1 day, and the cultures reached sub-confluency by 4 or 5 days. Numerous fibroblasts and their mitoses were ob- 
Effects of FFC, Collagen, and Hyaluronic Acid on the Proliferation of Cultured Human Fibroblasts
The proliferation-stimulating effects of Noncalorie Pairogen on human fibroblasts exceeded those of Pairogen, Pairogen Gold, and FFC, suggesting that low molecular weight collagen or hyaluronic acid included only in Non-calorie Pairogen is involved in stimulating fibroblast proliferation in cooperation with FFC. To clarify which of these factors are responsible for the effects, low molecular weight collagen and hyaluronic acid were supplemented to 106S+ with or without FFC. Although treatment with low molecular weight hyaluronic acid with or without FFC failed to exceed the number of fibroblasts stimulated by FFC or control DDW alone (Fig. 7) , the combination of low molecular weight collagen with FFC dramatically increased the number of fibroblasts to a level similar to that observed using Non-calorie Pairogen at secondary (Fig. 7A), tertiary (Fig. 7B) , and the fourth (Fig. 7C) cultures. Three combinations of FFC, low molecular weight collagen, and hyaluronic acid failed to exceed the proliferation level elicited by FFC plus low molecular weight collagen. However, low molecular weight collagen alone, hyaluronic acid alone, or collagen plus hualuronic acid failed to exceed control proliferation level (Fig. 7) . These results suggest that FFC markedly stimulate the proliferation of fibroblasts synergistically with low molecular weight collagen.
DISCUSSION
My previous study showed that FFC 4) and FFC-containing Pairogen 5) and Pairogen Gold 5) stimulated the proliferation of mouse epidermal keratinocytes, melanoblasts, and melanocytes in serum-free primary cultures of neonatal skin. The present study revealed that Pairogen, Pairogen Gold, and FFC equally stimulated the proliferation of human epidermal keratinocytes and melanocytes derived from neonatal foreskin. Because the proliferation-stimulating activity of Pairogen, Pairogen Gold, and FFC on human keratinocytes and melanocytes was similar, the vinegar, vitamin, or herbal components included in Pairogen or Pairogen Gold did not seem responsible for the additional stimulative effects observed. These results indicate that the proliferation of epidermal cells constituting the human skin is equally stimulated by the FFC in these drinks. This suggests the possibility that the human epidermal function can be regulated by FFC. No difference was observed between mouse and human cells. Therefore, it is possible that the proliferation of human and mouse epidermal cells are stimulated by a similar mechanism.
In the present study, FFC-containing Pairogen/Pairogen Gold and FFC were shown to double the proliferation rate of cultured human fibroblasts. By contrast, Non-calorie Pairogen tripled the proliferation rate of cultured human fibroblasts, while only doubling the proliferation rate of cultured keratinocytes and melanocytes. The low molecular weight collagen as included in Noncalorie Pairogen greatly stimulated the proliferation of fibroblasts in the presence of FFC. This level of stimulation was comparable to that elicited by Non-calorie Pairogen. The low molecular weight hyaluronic acid, on the other hand, caused no such proliferative effect. Moreover, low molecular weight collagen alone failed to stimulate the proliferation of cultured human fibroblasts. Therefore, it is conceivable that FFC synergistically stimulates the proliferation of cultured human skin fibroblasts with low molecular weight collagen. Because the proliferation-stimulating activity of Non-calorie Pairogen and FFC on human keratinocytes and melanocytes was similar, low molecular weight collagen did not cause a similar synergistic effect on the proliferation of human keratinocytes and melanocytes. Therefore, low molecular weight collagen may specifically stimulate the proliferation of human fibroblasts in cooperation with FFC.
It is known that fibroblasts produce and release collagen. 8) Collagen levels gradually decrease in the dermis 9) and the three dimensional structure of collagen fibers progressively disorganizes with age. 10) These decreases may be one of the causes of skin aging. 11) Decrease in collagen content or increase in disorganized collagen fibers in the dermis may result in an increased appearance of wrinkles. 10) The decreased collagen content in the dermis may result from the reduced proliferative activity of dermal fibroblasts 12) or the reduced production of collagen by them. 9) Because the reduced proliferative activity of fibroblasts results in lowered collagen contents in the skin, the increased proliferative activity (increased fibroblast number) by FFC as suggested in the present in vitro study might compensate the reduced collagen contents in aged skin with increased collagen synthesis. This hypothesis may be partly supported by the observation that the increased fibroblast proliferation resulted in the increase in collagen content in the skin. 8) It is not known whether low molecular weight collagen stimulates the proliferation of dermal fibroblasts. In fact, this study showed that low molecular weight collagen alone failed to stimulate the proliferation of cultured human dermal fibroblasts. It should be emphasized, however, that low molecular weight collagen can greatly stimulate the proliferation of human dermal fibroblasts in the presence FFC. It is possible that FFC changes the homeostatic conditions within fibroblasts to those preferable for the stimulation of low molecular weight collagen. However, it remains to be investigated in a future study which mechanisms are involved in the stimulation of fibroblast proliferation by FFC and low molecular weight collagen.
In this study, Pairogen, Pairogen Gold, Noncalorie Pairogen, and FFC doubled or tripled the proliferation rate of keratinocytes, melanocytes, and fibroblasts, suggesting the possibility that the proliferation of all three cell types constituting the skin may be coordinately regulated by FFC and that skin homeostasis may be maintained by FFC. It is possible that FFC may maintain this balance by regulating the proliferation of keratinocytes, 7, 13, 14) melanocytes, [15] [16] [17] [18] [19] [20] [21] and fibroblasts. [22] [23] [24] [25] 
